Abstract: The paper describes the methodology used to detect interference phenomena in vitro caused by digital and analog cellular phones placed in the close vicinity of implantable cardiac pacemakers. All four pacemakers tested exhibited some kind of interference; there was inhibition of the pacemaker hnction in two devices, when these were located at less than 2.5 cm from the antenna. The other two pacemakers exhibited atrial tracking of the interfering electromagnetic energy when exposed in similar situation.
INTRODUCTION
Theoretical considerations of electromagnetic energy density near commonly available digital portable cellular phones [ 11 show that in some conditions it is possible to expose implanted cardiac pacemakers to magnetic field intensities higher than that of a IOmW/cm2 plane incident wave, for which these devices have designed interference immunity. Preliminaly results from other authors [2-31 using European digital telephones near implanted cardiac pacemakers in vivo and in vitro have detected a variety of interference phenomena including inhibition. This study was performed to test if cellular telephones employing the American digital signaling systems of cellular telephony cause cardiac pacemaker interference in vitro, when placed in the immediate vicinity of the implantable medical devices. The artificial chest used in test protocol is a clear plastic container of 30 cm x 20 cm x 14 cm size filled with a 0.9% (in weight) saline solution. The experimental setup is shown in figure 2 . In absence of the pacemaker the set up was tested for absence of detectable interference signals displayed on the oscilloscope of the ECG monitoring equipment (Electronics for Medicine Inc. Model IM Bedside Monitor, manufacturer serial number 106862). when the active RF sources were placed at the test location.
EXPERIMENTAL SETUP
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Figure 2
The near magnetic and electric fields inside the artificial chest were recorded in presence of the phone but in absence of the pacemaker. The near E-and H-fields of the phones inside the artificial chest were measured by employing instrumentation described in other works [4-51. Finally the pacemaker was located at about I -2 cm depth in the saline solution, as shown in figure 2. Three (3) DDD and one VVI pacemakers were used in the test program and exposed to the cellular phones which were positioned by means of a Plexiglas holder overhanging the saline bath. The holder could be raised or lowered above the water level in the artificial chest. Different pacemakers showed various degrees of susceptibility to the interfering EM signals. In general, the FM transmitters caused no significant interference phenomena. The interference of relevance was noticed with the cellular phones which emit pulsed signals. All pacemakers had some sensitivity to the pulsing RF energy ranging from atrial tracking to outright inhibition. The worst cases of interference were noticed when the plastic header of the cardiac pacemaker was located at or near the peak of the electric field inside the saline solution. 
Figure 4: E-field Amplitude Measured i n Saline Solution
The situation is depicted in figure 5 , showing a topographic map of the field distribution of figure 4 with the silhouette of a pacemaker outlined in the condition of worst interference condition. Note that there are no leads connected to the pacer in the figure. The length of the leads has minimal impact on the interference phenomena, which appear to be caused by a direct interaction between the EM fields and the region of the header of the pacemaker. Figure 5 also shows the clear cut case of pacing inhibition detected in this situation and recorded using the printer of the monitor unit. The distance of the phones from the surface of the saline solution at which the interference phenomena are detected varies between 2 cm and about 10 cm for the various combinations of phone-pacemaker. 
CONCLUSION
From the preliminary results presented herein, it has been shown that the pacemaker leads are not important in the interference phenomena detected near portable cellular phones. The pacers are most sensitive when the peak of the electric (and magnetic) energy inside the test bath is close to the device headers.
Finally, the evaluation of electromagnetic interference in pacemakers testing should include the electromagnetic near fields of cellular telephones because of the large proliferation of these devices and their ability of producing interaction with medical implantable devices.
